Does overstuffing of the patellofemoral joint in total knee arthroplasty have a significant effect on postoperative outcomes? by Kemp, Mark et al.
                          Kemp, M., Metcalfe, A., Sayers, A., Wylde, V., Eldridge, J., & Blom, A.
(2018). Does overstuffing of the patellofemoral joint in total knee
arthroplasty have a significant effect on postoperative outcomes? Knee,
25(5), 874-881. https://doi.org/10.1016/j.knee.2018.05.007
Peer reviewed version
License (if available):
CC BY-NC-ND
Link to published version (if available):
10.1016/j.knee.2018.05.007
Link to publication record in Explore Bristol Research
PDF-document
This is the author accepted manuscript (AAM). The final published version (version of record) is available online
via Elsevier at https://www.sciencedirect.com/science/article/pii/S0968016018303089 . Please refer to any
applicable terms of use of the publisher.
University of Bristol - Explore Bristol Research
General rights
This document is made available in accordance with publisher policies. Please cite only the published
version using the reference above. Full terms of use are available:
http://www.bristol.ac.uk/pure/about/ebr-terms
  
 1 
Title Page 
Does overstuffing of the patellofemoral joint in total knee 
arthroplasty have a significant effect on post-operative 
outcomes?  
 
Corresponding Author: 
Mark A Kemp MA FRCS (Tr&Orth)2 
First Floor Flat 
16 Arlington Villas 
Bristol 
BS8 2EG 
Mark.kemp@doctors.org.uk 
 
Other Authors: 
Andrew J Metcalfe PhD FRCS (Tr&Orth)2, Adrian Sayers MSc MSc PGDip(UoL) 
BSc(Hons)1,3, Vikki Wylde PhD1, Jonathan D Eldridge FRCS (Tr&Orth)2 and Ashley W. 
Blom MD PhD FRCS (Tr&Orth)1,2 
 
Affiliated Addresses 
1Musculoskeletal Research Unit 
 Translational Health Sciences 
 Bristol Medical School 
 University of Bristol 
  
 2 
Southmead Hospital 
Bristol, BS10 5NB 
 
2Orthopaedic Surgery Department 
  North Bristol NHS Trust 
  Southmead Road 
  Bristol 
  BS10 5NB 
 
3School of Social and Community Medicine, University of Bristol 
  Canynge Hall 
  39 Whatley Road 
  Bristol 
  BS8 2PS 
 
Word count: 2,486  
  
 3 
Abstract 
Background and purpose 
 
There is ongoing debate in the literature as to whether or not patellofemoral joint 
overstuffing has a clinically significant effect on post-operative outcomes following total 
knee arthroplasty (TKA). This study investigates the effect of patellofemoral joint 
overstuffing on patient-reported outcomes using novel methods of radiographic 
measurement. 
 
Patients and methods 
 
The study population consisted of a prospective cohort of 266 patients receiving a 
Triathlon (Stryker, Kalamazoo, MI, US) TKA between 2006 and 2009. Participants 
completed the Western Ontario and McMasters osteoarthritis index (WOMAC) 
questionnaire pre-operatively and at 12 months post-operatively. Pre- and post-
operative radiographic measurements were taken according to a defined protocol to 
assess for patellofemoral overstuffing. Measurement reproducibility was assessed using 
inter-observer intraclass correlation coefficients. Associations between radiographic 
measurements and patient-reported outcomes were analyzed using linear regression 
analysis. 
 
Results 
 
One hundred and seven patients had adequate images and were included in the analysis 
for this study. Three different radiographic measurements were used to identify 
patellofemoral overstuffing all with good intra- and inter-observer reliability. There was 
no association identified between combined (patella and trochlea) patellofemoral 
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overstuffing measurements and WOMAC scores. However a statistically significant 
association was identified between an increase in anterior trochlear offset and worse 
knee pain and function scores (p<0.05). 
 
Interpretation 
 
There is no identifiable association between true patellofemoral overstuffing and 
clinical outcome however there is a small association with the anterior trochlear offset 
though further studies are warranted to confirm the clinical significance of this finding.  
 
Key words: Patellofemoral overstuffing; Anterior Trochlear Offset; Total Knee 
Arthroplasty; Patient-Reported Outcome Measures 
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1 
Introduction 
 
Total knee arthroplasty (TKA) is often a successful operation for patients with severe 
knee osteoarthritis. Despite this, a systematic review has shown that between 10 and 
34% of patients have an unfavorable long-term pain outcome [1]. Persistent pain is 
multifactorial [2] and one potential cause is the alteration in patellofemoral joint 
biomechanics [3] including patellofemoral offerstuffing which has been shown to 
increase patellofemoral contact forces [4]. Patellofemoral overstuffing is caused by a 
mismatch between the amount of bone resected from the anterior femur and the 
thickness of the prosthesis replacing it. This can be compounded by inadequate patellar 
resection if patellar resurfacing is performed concurrently. It is possible that 
overstuffing results in accelerated polyethylene wear and loosening as well as having an 
adverse influence on post-operative flexion [5]. 
 
There are a number of studies published in the literature assessing the effect of patella 
thickness and patellofemoral overstuffing on postoperative outcomes [6] [7] [8] [9] [10] 
[11] [12] [13]. Early studies [6] [7] [8] [9] [10] suggested that an increase in dimensions 
led to an increase in post-operative patellofemoral contact forces and a reduction in 
knee flexion however, larger subsequent studies [11] [12] [13] showed no clinically 
significant difference in post-operative outcomes including range of movement, need for 
intraoperative lateral release (to improve patellar tracking) and pain scores. There are 
several limitations to these studies however which may well have affected their findings. 
These include the lack of correction for magnification differences in the radiographic 
measurements taken [12], not including all measurements for overstuffing (such as 
anterior patella displacement) [13], not including both resurfaced and unresurfaced 
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patients in the cohorts [13] as well as the fact that the data was collected retrospectively 
[11] [12] [13].  
 
The rationale for this study was to identify a more reliable and reproducible 
radiographic method of measurement for patellofemoral overstuffing as well as 
answering the question as to whether or not patellofemoral overstuffing has an effect on 
postoperative patient-reported outcome measures (PROMs) following TKA. 
  
2 
Patients and Methods 
2.1  
Patients 
 
The study population was a cohort of patients receiving a Triathlon (Stryker, 
Kalamazoo, MI, US) TKA between 2006 and 2009. These patients were recruited to a 
prospective single center cohort study in the UK assessing the outcomes and 
survivorship of the Triathlon knee replacement [14]. Inclusion criteria for the cohort 
study consisted of patients undergoing primary Triathlon TKA for osteoarthritis or 
rheumatoid arthritis. Exclusion criteria comprised patients unwilling to provide 
informed consent, patients with revision surgery or an inability to complete 
questionnaires for cognitive or physical reasons or language barriers. Patients were 
further excluded from our current analysis if they had rheumatoid arthritis or if they did 
not have satisfactory radiographs available for analysis (see Figure A). 
 
Anaesthetic management, operative approach, soft tissue release and resurfacing of the 
patella were at the discretion of the operating surgeon. The implants were cemented 
and either cruciate-retaining or posterior stabilized. Standard post-operative 
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rehabilitation protocols were followed. Pre-operative and post-operative follow-up data, 
including routinely taken radiographs, were prospectively collected as part of the cohort 
study. Full ethical approval was obtained on 07/09/2006 for the cohort study from 
South West – Central Bristol REC (reference number 06/Q2002/80) and all patients 
provided informed, written consent.  
 
2.2  
Data collection 
Data was collected prospectively including baseline demographic details and 
preoperative knee scores. To assess self-reported knee function, pain and stiffness, the 
Western Ontario and McMasters osteoarthritis index (WOMAC) questionnaire was used 
[15]. This questionnaire assesses the severity of pain when performing five activities, 
the degree of functional limitations during 17 activities and the degree of stiffness at two 
time points (after first walking and later in the day). The pain, function and stiffness 
scores were transformed to 0-100 scales, with 100 indicating no pain/functional 
difficulty/stiffness and 0 indicating extreme pain/functional difficulty/stiffness. The 
WOMAC was completed preoperatively and at 12 months post-operatively.  
 
2.3  
Radiographic measurements 
Three different radiographic measurements for patellofemoral overstuffing were 
defined. These were the Teardrop Distance Ratio (TDR), the Medial Patellofemoral 
Ligament Distance Ratio (MPFLD) and the Anterior Trochlear Offset Ratio (ATOR). Two 
out of the three measurements used (TDR and MPFLD) were designed to include 
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anterior displacement of the patella as well as an increase in the anterior dimensions of 
the distal femur. Previous studies have demonstrated a relationship between 
overstuffing and retinacular tension, including the length of the MPFL [16]. Ghosh et al 
[16] assessed the effect of overstuffing the patellofemoral joint on the extensor 
retinaculum of the knee. They found that overstuffing of the patellofemoral joint by 
4mm resulted in a significant overall increase in length of the medial patellofemoral 
ligament (MPFL) at all angles of knee extension. Therefore by using a measurement that 
approximates to the length of the MPFL, we postulated that it may be possible to assess 
more accurately for patellofemoral overstuffing than by using the measurement 
methodology in the currently available studies. The radiographic landmarks of the 
femoral origin of the MPFL have been identified [17] and therefore were used to help 
create reproducible radiographic measurements, TDR and MPFLD, that would 
approximate to the length of the MPFL and hence identify changes in the anterior 
dimensions of the distal femur as well as anterior displacement of the patella. All 
measurements taken in this study were presented as a proportion of the femoral shaft 
diameter in order to control for magnification differences between radiographs, which 
has not been done consistently in previous studies. One previous study [12] 
demonstrated a potential association, albeit small, between anterior femoral offset and a 
decrease in post-operative knee scores and therefore a variation of this, presented as a 
ratio of the femoral shaft diameter to correct for magnification, was used in this study 
(ATOR). 
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Pre- and post-operative radiographic measurements were taken according to a defined 
protocol (see Figures 2 and 3). The latest available preoperative radiograph was used. 
Radiographs taken at a minimum of six weeks post-operatively (to avoid the potential 
for artificially elevated measurements secondary to a post-operative haemarthrosis) 
and a maximum of 12 months post-operatively were used. All radiographic evaluations 
were performed by the same reviewer and were completed blindly with regard to the 
clinical outcome. Only true lateral radiographs with minimal rotation were used for 
assessment where the posterior borders of the femoral condyles or femoral prosthesis 
(as well as the pegs of a cruciate-retaining implant) superimposed with no separation 
(see Figure D for an example of an excluded radiograph due to poor rotation). 
 
2.4  
Statistical analysis 
Measurement reproducibility was assessed by the inter-observer intraclass correlation 
coefficient (ICC), comparing results of measurements on a random selection of 10 
radiographs between two observers, and intra-observer ICC using the same radiographs 
comparing repeat measurements by the same observer two weeks apart. The ICCs were 
calculated using SPSS software package 19.0 (SPSS Inc., Chicago, Illinois). 
 
Linear regression analysis was performed using Stata SE 13.1. The outcomes were post-
operative WOMAC pain, function and stiffness scores at 12 months. The prognostic 
factors were patient sex, age, side of operation and preoperative values for WOMAC 
pain, stiffness and function. Significance was determined with a P-value of <0.05. 
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3 
Results 
 
There were 266 patients recruited to the original cohort study. Out of these, 159 were 
excluded from this study. The main reason for exclusion was the lack of available or 
satisfactory radiographs for analysis (Figure A). 
 
A total of 107 patients were therefore included in the study. There were a higher 
percentage of female patients than male (55:45). The mean age of the participants was 
68.9 (SD, 9.6). The mean height of the patients was 167.3 cm (SD, 10.7) and mean weight 
85.7 Kg (SD, 18.6) with a mean Body Mass Index (BMI) of 30.8 (range 15.0 to 44.9). 
Ninety-six patients received cruciate-retaining and eleven posterior-stabilized implants. 
Seventy-nine patients underwent patellar resurfacing concurrently and 28 patients did 
not. 
 
Intra- and inter-observer correlation coefficients for all measurements were greater 
than 0.8 (Table A). Mean WOMAC scores increased at 12 months post-operatively as 
compared to pre-operatively by 38.7, 27.5 and 25.3 points for pain, function and 
stiffness respectively (Table B). Overstuffing is defined as TDR, MPFLD and ATOR values 
greater than one. The magnitude of overstuffing seen is relatively small when TDR and 
MPFLD are used with an upper limit of 112.9% and 118.1% (expressed as a percentage 
of preoperative values). However, when ATOR is used larger magnitudes are identified 
(with a maximum of 299% seen). Linear regression analyses (Tables C to E) 
demonstrated a significant association between an increase in ATOR and a reduction in 
WOMAC pain (p=0.039) and WOMAC function (p=0.036) scores one year post-
operatively when adjusted for patient age, sex, side of operation and pre-operative 
WOMAC score. No association was found between an increase in ATOR and WOMAC 
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stiffness score and no significant associations were identified between changes in TDR 
or MPFLD and any of the post-operative WOMAC scores. 
 
4 
Discussion 
 
This study shows that an increase in ATOR is associated with worse patient reported 
pain and function at 12 months after TKA. The two measurements for patellofemoral 
overstuffing, TDR and MPFLD, did not show any statistically significant association with 
post-operative WOMAC score although the changes seen were relatively small (TDR 
ranging from 83.0% to 112.9% and MPFLD from 88.3% to 118.1%, expressed as a 
percentage of the preoperative measurement). All three measurements for overstuffing 
proved reproducible, particularly the ATOR with inter- and intra-observer correlation 
coefficients greater than 0.9 (Table A).   
 
The results of this study suggest that doubling the pre-operative ATOR would cause an 
approximate 8-point reduction in both the WOMAC pain and function scores. Minimally 
important clinical differences for the WOMAC score after TKA have been quoted as being 
15 [18] and therefore this study would suggest that very large changes in ATOR (three 
times the preoperative value) are required to cause clinically important changes in post-
operative WOMAC score, which in practice would only be possible in those patients with 
a very low pre-operative ATOR.  
 
Neither of the other measurements, designed to assess for true patellofemoral 
overstuffing, demonstrated a significant association with post-operative PROMs. This 
may be due to the likely increase in variability between these measurements and true 
overstuffing, as it is possible their accuracy was more sensitive to other variables such 
  
 12 
as the degree of knee flexion when the radiograph was taken. It is also possible that, as 
suggested by a number of other studies, patellar thickness is less important [11] [19] 
[20] or indeed that there is no association with true overstuffing, despite widespread 
clinical opinion to the contrary. 
 
Although the clinical importance of the changes seen is difficult to quantify, this study 
does suggest that patients may be more sensitive to an increase in their anterior 
trochlear offset as compared to an overall increase in their anteroposterior dimensions 
and associated patellofemoral overstuffing. This information could be very useful to 
orthopaedic surgeons as there is a very large variation between patients in the degree of 
anterior trochlear offset that they have which is not necessarily related to the overall 
size of the distal femur. Sizing a Triathlon TKA is done using a stylus placed against the 
anterior cortex of the distal femur and does not take into consideration the anterior 
trochlear offset. As well as this, the Triathlon TKA is a posterior referenced system and 
therefore sizing varies anteriorly with a constant posterior cut. These factors can lead to 
considerable variability in the thickness of bone removed anteriorly as compared to the 
thickness of the femoral component replacing it and hence to large changes in the 
anterior trochlear offset. With the knowledge that this could have a significant effect on 
post-operative outcomes the surgeon could take more care ensuring that an adequate 
amount of bone is removed during the anterior femoral resection in order that the 
anterior trochlear offset is not inadvertently increased following implant insertion. This 
study would also suggest that an anterior referenced TKA system, where a constant 
anterior resection is made with a more variable posterior resection, may have some 
advantages, although the importance of posterior over- or under-stuffing was not 
assessed in this study.  
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All the outcome data in this study was collected prospectively as part of a prospective 
cohort study with all the radiographic measurements being done retrospectively. The 
potential for introducing bias was eliminated by blinding the reviewer to the outcome 
scores when performing the radiographic measurements. The main limitation of this 
study is the number of exclusions necessary from the original cohort of patients. Out of 
the 266 patients recruited into the cohort study, only 107 were included in this analysis, 
the majority being excluded due to lack of available or unsatisfactory radiographs within 
the required timeframe (6 weeks to 12 months post-operatively) for analysis. Despite 
this however, this is one of the largest studies available assessing for true patellofemoral 
overstuffing, with prospectively collected outcome data (at set time points) and 
reproducible measurement techniques. We believe that this study has generalizability to 
other populations undergoing knee arthroplasty, using a posterior referenced implant, 
for osteoarthritis as the age, BMI and gender of our cohort reflect that of the populations 
reported in the national registries [21] [22] [23]. 
 
5 
Conclusions 
 
In conclusion, there is no identifiable association between true patellofemoral 
overstuffing and clinical outcome in this study however there does appear to be a small 
statistically significant association with the anterior trochlear offset with worse post-
operative knee pain and function scores though further studies are warranted to 
confirm the clinical significance of this finding. 
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Tables and Figures 
 
 
Table A- Intraclass correlation coefficients 
Measurement Intra-observer correlation Inter-observer correlation  
TDR 
 
0.974 0.860 
MPFLD 
 
0.966 0.878 
ATOR 
 
0.968 0.926 
 
 
 
Table B- Descriptive statistics for pre- and post-operative WOMAC pain, function and 
stiffness scores, and mean change in TDR, MPFLD and ATOR pre- to post-operatively 
Measure n Mean (SD) Percentiles 
25 50 75 
WOMAC pain score 
(pre-op) 
 
104 41.7 (17.9) 30 40 52.5 
WOMAC function score 
(pre-op) 
 
102 46.5 (16.7) 33.8 45.6 55.9 
WOMAC stiffness score 
(pre-op) 
 
104 43.4 (23.0) 25 37.5 50 
WOMAC pain score (12 
months) 
 
98 80.4 (20.6) 70 85 100 
WOMAC function score 
(12 months) 
 
98 74.0 (20.6) 60.3 77.2 92.6 
WOMAC stiffness score 
(12 months) 
 
93 68.7 (22.9) 50 75 87.5 
Change in TDR 
 
107 1.008 (0.078) 0.9554 1.004 1.043 
Change in MPFLD 
 
107 1.003 (0.058) 0.965 1.001 1.036 
Change in ATOR 
 
107 1.123 (0.570) 0.696 0.947 1.429 
WOMAC, Western Ontario McMaster Universities Osteoarthritis Index; TDR, teardrop distance 
ratio; MPFLD, medial patellofemoral ligament distance ratio; ATOR, anterior trochlear offset 
ratio; n, number of patients with completed scores; SD, standard deviation 
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Table C- Linear regressions between WOMAC pain score (12 months) and change in TDR, 
MPFLD and ATOR adjusted for age, sex, side of operation and baseline WOMAC score 
WOMAC pain 
(12 months) 
Regression 
Coefficient 
95% Confidence 
intervals 
P-value 
Change in TDR 
 
-11.89 -69.21 to 45.44 0.681 
Change in 
MPFLD 
 
-48.32 -122.36 to 25.71 0.198 
Change in 
ATOR 
 
-8.14 -15.86 to -0.42 0.039 
 
 
Table D- Linear regressions between WOMAC function score (12 months) and change in 
TDR, MPFLD and ATOR adjusted for age, sex, side of operation and baseline WOMAC score 
WOMAC 
function (12 
months) 
Regression 
Coefficient 
95% Confidence 
intervals 
P-value 
Change in TDR 
 
-4.85 -59.32 to 49.61 0.860 
Change in 
MPFLD 
 
-38.24 -108.90 to 32.42 0.285 
Change in 
ATOR 
 
-7.75 -14.98 to -0.53 0.036 
 
 
 
Table E- Linear regressions between WOMAC stiffness score (12 months) and change in 
TDR, MPFLD and ATOR adjusted for age, sex, side of operation and baseline WOMAC score 
WOMAC 
stiffness (12 
months) 
Regression 
Coefficient 
95% Confidence 
intervals 
P value 
Change in TDR 
 
7.35 -55.52 to 70.22 0.817 
Change in 
MPFLD 
 
-8.54 -90.25 to 73.17 0.836 
Change in 
ATOR 
 
-5.75 -14.53 to 3.04 0.197 
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Figure A- Flow diagram illustrating the subject inclusions/exclusions. *Six weeks to 12 months post-
operatively 
 
   
266 subjects
Excluded n=159
Rheumatoid arthritis 
n=2
Post-operative tibial 
fracture n=1
Radiographic reasons 
n=156
Unsatisfactory radiographs for 
analysis (e.g. too much rotation) 
n=45
Post-operative radiographs within 
required timeframe* not available 
n=95
Pre- or postoperative 
radiographs not available 
n=16
Included n=107
Patella resurfaced 
n=79
Patella not resurfaced 
n=28
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Steps: 
1. Draw line along anterior cortex of femur- anterior cortical line 
2. Draw a line parallel to this and then place along posterior cortex of femur (best fit) 
3. Measure perpendicular distance between 2 lines to give measurement of shaft 
diameter (see Figure C.1) 
4. Draw line between superior and inferior poles of patella- patella line (see Figure C.2) 
5. Measure distance from most posterior aspect of teardrop (Figure C.3) to anterior 
surface of patella (with the line bisecting the patella line halfway along its length) to 
give the teardrop distance (TD)- divide this distance by the shaft diameter to give the 
tear drop distance ratio (TDR)- see Figure C.4. 
6. Measure the distance from the MPFL femoral origin (see Figure C.5) to anterior 
surface of patella (with the line bisecting the patella line halfway along its length) to 
give the MPFL distance- divide this distance by the shaft diameter to give the MPFL 
distance ratio (MPFLD)- see Figure C.6 
7. Measure anterior offset of distal femur- perpendicular distance between anterior 
cortical line and most anterior part of femoral component. Divide this distance by the 
shaft diameter to give the anterior trochlear offset ratio (ATOR)- see Figure C.7 
8. Overstuffing is determined by dividing the post-operative values by the preoperative 
values and defined as a value >1 
Figure B- Radiograph measurement protocol 
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Figure C.1- Shaft diameter 
 
 
Figure C.2- Patella line 
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Figure C.3- Identification of teardrop (most posterior aspect of Blumensaat’s line) 
 
 
Figure C.4- Teardrop distance. Teardrop distance ratio (TDR)= teardrop distance/shaft diameter 
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Figure C.5- Identification of MPFL femoral origin:  
Draw a line along the posterior cortex of the femur (posterior cortical line) and then another 
perpendicular to this starting at the most posterior aspect of Blumensaat’s line. The point at which 
this line bisects the posterior cortical line is the approximate femoral origin of the MPFL 
 
 
 
Figure C.6- MPFL distance. MPFL distance ratio (MPFLD)= MPFL distance/shaft diameter 
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Figure C.7- Anterior offset distance. Anterior trochlear offset ratio (ATOR)= Anterior offset 
distance/shaft diameter 
 
 
 
Figure D- Example of poor rotation 
 
  
 22 
Funding 
This study was funded by Stryker UK. The funder had no involvement in the study 
design, data collection, data analysis, interpretation of data or writing of the manuscript. 
 
References 
 
[1] Beswick, A.D., Wylde, V., Gooberman-Hill, R., Blom, A. and Dieppe, P., 2012. What 
proportion of patients report long-term pain after total hip or knee replacement 
for osteoarthritis? A systematic review of prospective studies in unselected 
patients. BMJ open, 2(1), pp.435. 
[2]  Howells, N., Murray, J., Wylde, V., Dieppe, P. and Blom, A., 2016. Persistent pain 
after knee replacement: do factors associated with pain vary with degree of 
patient dissatisfaction? Osteoarthritis and Cartilage, 24(12), pp.2061-8.  
[3] van Jonbergen, H.-P.W., Reuver, J.M., Mutsaerts, E.L. and Poolman, R.W., 2014. 
Determinants of anterior knee pain following total knee replacement: a systematic 
review. Knee Surgery, Sports Traumatology, Arthroscopy, 22(3), pp.478–99. 
[4] Kawahara, S., Matsuda, S., Fukagawa, S., Mitsuyasu, H., Nakahara, H., Higaki, H., et 
al, 2012. Upsizing the femoral component increases patellofemoral contact force 
in total knee replacement. Journal of Bone & Joint Surgery, British Volume, 94-B(1), 
pp.56–61. 
[5] Mihalko, W., Fishkin, Z. and Krackow, K., 2006. Patellofemoral Overstuff and Its 
Relationship to Flexion after Total Knee Arthroplasty. Clinical Orthopaedics and 
Related Research, 449, pp.283–7. 
[6] Shoji, H., Solomonow, M., Yoshino, S., D'Ambrosia R. and Dabezies, E., 1990. 
Factors affecting postoperative flexion in total knee arthroplasty. Orthopedics, 
13(6), pp.643–9. 
[7] Ryu, J., Saito, S., Yamamoto, K. and Sano, S., 1992. Factors influencing the 
  
 23 
postoperative range of motion in total knee arthroplasty. Bulletin (Hospital for 
Joint Diseases (New York, N.Y.)), 53(3), pp.35–40. 
[8] Star, M.J., Kaufman, K.R., Irby, S.E. and Colwell, C.W.J., 1996. The Effects of Patellar 
Thickness on Patellofemoral Forces After Resurfacing. Clinical Orthopaedics and 
Related Research, 322, p.279. 
[9] Hsu, H.-C., Luo, Z.-P., Rand, J.A. and An, K.-N., 1996. Influence of patellar thickness 
on patellar tracking and patellofemoral contact characteristics after total knee 
arthroplasty. The Journal of Arthroplasty, 11(1), pp.69–80. 
[10] Oishi, C.S., Kaufman, K.R., Irby, S.E. and Colwell, C.W.J., 1996. Effects of Patellar 
Thickness on Compression and Shear Forces in Total Knee Arthroplasty. Clinical 
Orthopaedics and Related Research, 331, p.283. 
[11] Ritter, M.A., Pierce, M.J., Zhou, H., Meding, J.B., Faris, P.M. and Keating, E.M., 1999. 
Patellar Complications (Total Knee Arthroplasty) Effect of Lateral Release and 
Thickness. Clinical Orthopaedics and Related Research, 367, p.149. 
[12] Pierson, J.L., Ritter, M.A., Keating, E.M. and Faris, P.M., 2007. The effect of stuffing 
the patellofemoral compartment on the outcome of total knee arthroplasty. The 
Journal of Bone & Joint Surgery (Am), 89(10), pp.2195-203 
[13] Beldman, M., Breugem, S.J.M. and van Jonbergen, H.-P.W., 2014. Overstuffing in 
total knee replacement: no effect on clinical outcomes or anterior knee pain. 
International Orthopaedics, pp.1–5. 
[14] Wylde, V., Dixon, S., Miller, L., Whitehouse, M., Blom, A.W., 2017. 5 Year Patient 
Reported Outcomes and Survivorship of the Triathlon Total Knee Replacement: A 
Cohort Study. Acta Orthopaedic Belgica, (in press). 
[15] Bellamy, N, Buchanan, WW, Goldsmith CH, Campbell J, Stitt LW, 1988. Validation 
study of WOMAC: a health status instrument for measuring clinically important 
patient relevant outcomes to antirheumatic drug therapy in patients with 
osteoarthritis of the hip or knee. J Rheumatol, 15(12), pp.1833-40. 
  
 24 
[16] Ghosh, K.M., Merican, A.M., Iranpour, F., Deehan, D.J. and Amis, A.A., 2009. The 
effect of overstuffing the patellofemoral joint on the extensor retinaculum of the 
knee. Knee Surgery, Sports Traumatology, Arthroscopy, 17(10), pp.1211–6. 
[17] Barnett, A.J., Howells, N.R., Burston, B.J., Ansari, A., Clark, D. and Eldridge, J.D., 
2012. Radiographic landmarks for tunnel placement in reconstruction of the 
medial patellofemoral ligament. Knee Surgery, Sports Traumatology, Arthroscopy, 
20(12), pp.2380–4. 
[18] Escobar, A., Quintana, J.M., Bilbao, A., Arostegui, I., Lafuente, I. and Vidaurreta, I., 
2007. Responsiveness and clinically important differences for the WOMAC and SF-
36 after total knee replacement. Osteoarthritis and Cartilage, 15(3), pp.273–80. 
[19] Koh, J.S.B., Yeo, S.J., Lee, B.P.H., Lo, N.N., Seow, K.H. and Tan, S.K., 2002. Influence of 
patellar thickness on results of total knee arthroplasty: Does a residual bony 
patellar thickness of 12 mm lead to poorer clinical outcome and increased 
complication rates? The Journal of Arthroplasty, 17(1), pp.56–61. 
[20] Gatha, N.M., Clarke, H.D., Fuchs, R., Scuderi, G.R. and Insall, J.N., 2004. Factors 
affecting postoperative range of motion after total knee arthroplasty. The journal 
of knee surgery, 17(4), pp.196–202. 
 [21] England, Wales, Northern Ireland and the Isle of Man National Joint Registry. [Last 
accessed on 2017, May 17]. Available from: http://www.njrcentre.org.uk 
 [22] Swedish Knee Arthroplasty Register. [Last accessed on 2017, May 17]. Available 
from: http://www.myknee.se/en/ 
 [23] Australian Orthopaedic Association National Joint Replacement Registry. [Last 
accessed on 2017, May 17]. Available from: https://aoanjrr.sahmri.com/annual-
reports-2016 
 
 
